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Studies of  the upper  respiratory  flora  in  inhabitants  of  New  York  City
over a period  of fifteen years have  shown that the prevalence  of hemolytic
streptococcus  has a seasonal  trend,  which  varies little  from year  to year.
If one begins an analysis of the throat flora  during the third quarter of the
year  he finds  that hemolytic  streptococcus  is inactive.  Few  of these  or-
ganisms  are recovered  and  they  are  not virulent.  This  low  carrier  rate
usually  persists  into  the  fourth  quarter  when  sporadic  infections  occur.
Early in the new year there  is a steadily rising  carrier rate  and this is fol-
lowed or accompanied by a steady increase in acute streptococcal infections.
Finally, in  the second  quarter,  the carrier  rate and the incidence of infec-
tion  reach  a  peak.  Infections  at  this  time  of year  are  caused  by many
serological  types  of group  A organisms,  and  frequently occur as epidemic
outbreaks;  however,  the presence  of hemolytic  streptococcus  in  the throat
flora  of  the general population  makes difficult  a thorough investigation  of
these outbreaks.  If an isolated epidemic occurs in a season when the carrier
rate  is low one  can identify  the sources  and trace  the spread  of infection.
We  observed  such  an outbreak  during  the  fall months  of  1939  when  the
carrier rate was low and streptococcal infections rare.  This epidemic began
in the infants' ward of the Babies Hospital.  Since  both patients and con-
tacts  could  be controlled,  it was  possible  to trace  the spread  and identify
the  sources  of infection.  In  so  doing  careful  bacteriological  studies were
conducted.  These indicated that certain apparently harmless convalescent
babies  had the  capacity  to communicate  infection  and  that this capacity
was  associated with certain  cultural  characteristics  of the epidemic  strain.
It  is our purpose to describe the epidemic, indicate the sources of infection,
* The work reported in this communication was carried out under the W. K. Kellogg
Foundation  Fund.
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and report on certain  peculiarities noted in this strain of hemolytic  strep-
tococcus.
Description  of Epidemic
This epidemic began in October, 1939,  and continued to January,  1940.  It  involved
first an infants' ward of the Babies Hospital and spread to a toddlers' ward.  Altogether
thirty-eight  persons  were  infected  with  the  same  strain  of  hemolytic  streptococcus,
group  A, type  12.  These included  thirteen  children,  twenty-two  nurses,  two  doctors,
and one visitor to the  toddlers'  ward.  The adults were in good health at the time  of
the epidemic.  The children, with one exception, were free of respiratory symptoms and
their throat cultures  made  on admission  to the hospital were free  of hemolytic  strepto-
coccus.  Some  individuals  involved in  the  epidemic  were  associated  with the hospital
ward from the onset; others entered the wards during the course of the outbreak.
Many minor upper respiratory infections occurred in the infants' and in the toddlers'
ward  during  the  epidemic.  In  November  and  December  the  "common  cold"  was
prevalent.  Children  were  admitted  with  streptococcal  infections,  two  of  which  pro-
gressed to bacteremia.  Altogether twenty strains of hemolytic streptococcus  other than
type 12 were recovered from the throats of the patients and nurses; however, none gave
rise  to  cross-infections  although  they occurred  in individuals  who  had a history  of a
recent  "cold."  In contrast the  children who contracted  and spread the type 12  infec-
tion  appeared to be free of "colds" or other minor respiratory  infections.  For purposes
of description  the epidemic  period is divided  arbitrarily into six  stages.
Stage 1.-On Oct.  1,  1939,  the infants'  ward,  including patients,  nurses, and other
personnel,  was  clinically  free of hemolytic streptococcal infections with the  exception of
one patient,  G. D.,  a  7 months old baby  admitted in September because  of pancreatic
disease.  While he was on the ward he was found to have a progressive bronchitis merg-
ing  into  chronic  bronchiectasis,  with  acute  exacerbation  at  least  three times between
Sept.  23 and Nov. 30.  About Oct. 1 his cough became productive and the sputum cul-
ture  (swabbed from throat)  contained hemolytic  streptococcus  in predominance.  This
culture  was not  saved;  however,  in late  October and  November  positive  cultures,  ex-
amined by Griffith's slide agglutination method, proved to be type 12.  Since this infant
was  the  only patient  with  hemolytic  streptococcus  infection  on the ward prior  to the
epidemic  and since his sputum, throat  culture, and  nasal secretion  contained hemolytic
streptococcus type 12, we have concluded that he was the original source of the epidemic.
Stage 2.-Following an  exacerbation  of  symptoms  in  G. D.  on Oct.  6, three other
infants on the same ward contracted type 12  cutaneous  infections between Oct.  10 and
16.  The courses of these infections are summarized briefly:
F. W., a 6 months old girl admitted Sept. 21 because of cretinism contracted the first
infection.  There  was  a  slight fever  during the  2nd week of October  and on the  15th
she  developed purulent  conjunctivitis of both eyes.  This was followed by otitis media.
The pus from eyes and ears contained  hemolytic streptococcus  type  12.
A. M., a boy 6 months old with  severe  eczema, developed a mild pyrexia  on  Oct.  13.
Cultures of skin and nose contained  hemolytic streptococcus type  12.
K. J., a girl  10 days old who had been transferred from the obstetrical wards because
of anemia  and jaundice,  contracted  on  Oct.  10  an infection  of the finger  at the site  of
puncture  made  for  a  blood  count.  The  infection  remained  localized  (no cultures  ob-
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tained).  On  Oct.  23 she  developed  hemolytic  streptococcal  infection  of the  umbilicus
and on Nov. 2  a bilateral otitis media.  The  organisms from these foci were type  12.
All four infants occupied individual cubicles  on an open ward, widely separated from
one  another.  The same  nurses  that cared for  G.  D. handled the  other  three infants;
however, none of these nurses was infected at this time.
Stage 3.-The last 2 weeks of October gave rise to new developments.  Seven nurses
who cared for the four infants described  above contracted pharyngitis  with a strikingly
constant clinical picture and course.  Each  began  with a "sore throat,"  severe pyrexia,
and intense  systemic  symptoms.  The  throat  flora  contained  hemolytic  streptococcus
in predominance,  in each  case  type  12.  Recovery  occurred  spontaneously  in  3  to  10
days without septic complications.
Stage 4.-During the latter part  of October  it became evident  that we were dealing
with an  epidemic and a plan was adopted to trace  the spread of infection from one in-
dividual to another.  All of the sick nurses were placed either in their own infirmary or
in the private pavilion.  The four infants who had had type 12 infections  were isolated
in separate  rooms on the  floor near the infants'  ward.  All of the other infants, nurses,
doctors, maids, and kitchen personnel were examined at this time and at least two throat
cultures  obtained.  These  cultures  were  repeated  subsequently  twice  a  week.  Each
nurse  was then assigned  to a few  patients, having no contact  with the others.  Every
effort  was  made  to  determine  which  infant  was  spreading  the  infection.  However,
within a week of the new regime, nine more nurses contracted type 12  throat infections.
Since each of them had been caring for more than one of the infected infants it was im-
possible  to  determine  the  source  of  her  infection.  These  nurses  had  similar  clinical
courses to  the seven  nurses just described.  A positive throat culture  was  obtained in
one nurse 2 days before the development of symptoms.  All were removed to the infirm-
ary or private pavilion at the onset  of the earliest symptoms.
Four more  children  contracted  the type  12  infection  during  this stage.  Three  of
them were  in cubicles  on the open ward.  Two of these, in their second year, developed
pharyngitis accompanied by pyrexia.  The third patient, F. S., a 4 months old hydro-
cephalic boy, developed pyrexia of 100° and bilateral otitis media with type 12  strepto-
coccus.  A fourth patient was of especial interest; his history follows:
Rob.  S., a 5 year old boy, was being studied for tetany on the toddlers' floor of the
hospital.  About the end of October it was necessary to send  him daily to a room on the
infants' floor for special work.  This room was  about 100 feet away from the rooms con-
taining the infected children.  He had a  special nurse who was free from type  12 infec-
tion.  Each night he returned to his bed on the toddlers' floor of the hospital.  Early in
November this boy developed a cellulitis of the lower lip due to hemolytic streptococcus
type 12.  This was followed by pharyngitis, otitis, and later mastoiditis.  So far as could
be determined  he had had no contact with any infected  individuals.  The air and pos-
sibly a cup were the only things he shared in common with the other patients.  When the
lip infection developed he was restricted to bed in his cubicle  on the toddlers'  floor, and
later isolated.
Altogether  sixteen  nurses and eight  children had  been  infected  with the epidemic
strain by November and the paths of infection remained  unidentified.
Stage 5.--Organization  of staff  and patients was by this time adequate for tracing
the spread of infection to each of the new cases.  Cross-infection  occurred as follows:
Rob.  S.  gave rise to pharyngitis type 12 in two toddlers who occupied cubicles on an
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uninfected ward  cared for by uninfected nurses.  These  two toddlers were  removed at
once and placed in isolation on the infants' floor.  One of them, R. S., will be  discussed
later.
The  hydrocephalic  infant, F.  S., was  left in his cubicle on the open ward,  the other
infected  infants  having been  placed  in isolation  rooms.  He was  the only  individual
with type 12 streptococcal infection on the infants' ward.  10 days later a cross-infection
occurred  in  another  infant,  P.  M.,  who  contracted  hemolytic  streptococcus  type  12
pharyngitis  from F. S.
R. S. mentioned above, recovered from her infection and since her throat culture was
negative for hemolytic streptococcus  she  was returned  to her  cubicle on the open ward
on the  toddlers'  floor Nov. 22.  This was followed by a series of infections,  which may
be summarized as follows:  R. M. in the next  cubicle contracted type 12 pharyngitis  on
Nov. 27.  He had been visited by his mother on Nov. 25, and Mrs. M. developed type
12 pharyngitis  on Nov. 29.  On this same day Dr. U., the ward intern, contracted type
12  pharyngitis.  R.  S. was  discharged  home  because  she was  in  good  health.  The
following  week her  infant  sister  developed a  "bad  cold."  When  cultured a few  days
later this 4 months old baby, T. S., had type 12 in her throat flora.  It became evident
that R.  S. despite her apparent freedom  from type 12 had the capacity to communicate
infection.
Dr. A., a laboratory  worker, who had no contact with the  infected patients  but who
shared  a small bedroom  with  Dr.  U.,  developed  type  12  nine  days after the  onset  of
symptoms in Dr. U.
Six  more nurses became  infected  during November.
Miss L. and Miss B. were in charge of infant K. J. and contracted  type 12 pharyngitis.
Miss M. pricked her finger with a diaper pin either of K. J. or F. S. and developed a
localized pustular lesion.  This was incised and found to contain hemolytic streptococcus
type 12.  5 days later while isolated in the private hospital room, she developed type 12
pharyngitis.
Miss K. who  also took care  of these two infants pricked her  finger with a diaper  pin
and developed a similar type 12 pustular lesion without, however, contracting pharyngitis.
Miss S. who took care of P. M. contracted  type  12 pharyngitis.
Miss H. who took care of toddler R. S. contracted  type 12 pharyngitis.
In  summary  these  eighteen  cross-infections  including  patients,  nurses,  doctors,  one
parent,  and a baby sister all seemed to be  traced to their sources.  The following nine
individuals  gave  rise  to one or more  cross-infections:
G. D., infant-the  original  source  of infection;  K.  J.,  F. W.,  F.  S.,  Rob.  S.,  R. S.,
R.  M.,  P. M.,  and Dr. U.
Stage 6.-The  epidemic subsided during the first  week in December.  No new  cases
appeared for 7 weeks in spite of the fact that four of the infants and Rob. S., all of whom
had  communicated  disease,  remained  in  the  hospital,  and the  intern  and  the  nurses
returned  to duty.  Most of the nurses carried type  12 in the throat flora for months and
the  organism was  recoverable  from two  of the  infants for  at least several  weeks.  On
Jan.  13 a profuse discharge  containing hemolytic streptococcus type  12 poured from the
ear of Rob.  S. who was ambulatory at this time.  He was placed in his cubicle bed and
the throats of all patients were cultured again.  Except  for Rob. S. the whole ward was
found  to be free  of type  12  organisms.  However 3 days  later this organism  appeared
in the throat culture of a 2 year old nephrotic boy F. D. who had been admitted 2 weeks
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previously.  On Jan.  18 an impetiginous lesion appeared below his nares and on Jan. 24
a pustular lesion in the  needle puncture made for  a blood count.  Hemolytic strepto-
coccus  type 12  was recovered  from these lesions.
F. D. and Rob. S. remained on the ward for 2 months more and, although new patients
were  admitted,  no  new infections  appeared.
In summary,  a  type  12  infection spread  from an  infant  through  the in-
fants' ward in October, then to the nurses, later to a toddlers'  ward, to two
doctors,  and finally to two  patients' families.  The epidemic abated in the
3rd month, flared 6 weeks later, and  then remained quiescent.  Altogether
thirty-eight  persons were  involved.  The  mode  of  spread  and  source  of
infection will now be discussed.
Mode  of Spread.-There was  a  striking  difference  between  adults  and
children  in  their  capacity  to  communicate  this  infection.  Altogether
twenty-two  nurses  were infected.  During their period of incubation  they
were  closely  associated  with  patients  and  other  nurses.  The  possibility
that at this time they transmitted disease to patients could not be excluded;
but that they did not communicate  disease to their associates in the nurses'
residence  was  quite  clear.  Furthermore  even  when  they became  ill, had
type  12  streptococcus  predominant  in their throat flora,  and coughed and
sneezed  a great  deal,  they did  not communicate  disease.  This was  un-
expected,  because  the  twenty  members  of  the  professional  and  nursing
staff who  examined  and treated  their throat  infections  had not protected
themselves  with gowns or masks.  Expecting  that they would  become  in-
fected,  we cultured the  throats of the staff repeatedly  but were unable  to
recover a single colony of hemolytic streptococcus type  12.  After recovery
these  nurses  resumed  their duties  on other wards  of the Babies  Hospital.
Many  of them carried  type  12  in  their  throat flora  for months but  none
gave  rise  to  streptococcal  infections.  Both the  clinical  observations  and
the bacteriological  findings  showed that the nurses, acutely ill or convales-
cent,  did  not spread  type  12.  Their  organisms  were  apparently  unable
to infect individuals with whom they came into close contact.
The  spread  of  infection  from  infants  and  toddlers  was  uncontrollable.
The  nurses and physicians  caring  for them wore gowns,  heavy masks,  and
observed  other  strict  individual  precautions.  All  culinary  ware  used  by
each  patient was steam-sterilized  between  meals, and personnel  of kitchens
and  pantries  were  repeatedly  cultured.  Type  12  streptococci  were  not
recovered.  Infected  children  were  placed either  in  cubicles or  isolated  in
individual rooms.  In spite of all efforts, cross-infections  occurred in cubicles
and  rooms  on the  two  floors  of  the Babies  Hospital  where  patients with
type  12  infection  were  ill  or  convalescent.  Type  12  infections  did  not
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spread  to any of  the other wards.  One possible  source  of infection,  dust,
was not controlled.  Each morning the floors were swept with a dry broom.
Windows  were open at this  time  and dust particles  circulated  throughout
the floor.  Since  a number  of  the type  12  infections occurred  on the skin
of exposed parts  of infants  cared for  by uninfected  nurses  observing isola-
tion precautions  and  having  no contact  with  infected  children, it  seemed
that the probable mode  of spread  was by air-borne  dust particles dissemi-
nated  when  the ward was swept  each morning.  Type  12  organisms  from
these patients had a striking capacity to colonize on the mucous membranes
and  dermis of  both children and nurses.
Classical Characteristics  of Streptococcus Epidemics
The student of Streptococcus has long been puzzled by the origin of sudden
outbreaks  of  infection  with  this  organism.'  One  important  point,  how-
ever, has  become  clear  as a result  of  the work of  Griffith;  namely,  that a
single  type  is  responsible  for  each  localized  epidemic.  The  property  of
these  strains,  to which  their  rapid  spread  and  epidemic  character  is due,
has eluded definition.  With the aim of ultimately understanding  its nature
we have collected  the available  data on a number of well studied epidemics
of  streptococcal  infection  and  have  summarized  their  characteristics  in
relation to the Babies Hospital epidemic.
One of the most  illuminating descriptions  of a streptococcal epidemic was written  in
1886  by  Haig-Brown  (1)  who  traced  the  spread  of  tonsillitis  from  a  single  source  to
thirty-one  boys at  the  Charterhouse  boarding  school.  Little  more  was  learned about
the  epidemiology  of streptococcal  pharyngitis until the  past decade  when detailed bac-
teriological studies were made by Glover  (2), Glover and Griffith (3), Bradley (4), Coburn
and  Pauli  (5),  Straker  et  al. (6),  Hobson  (7),  Wells  (8),  Kleinschmidt  (9),  and  Keogh
et al. (10).  In many of these it has been shown, by means of Griffith's typing technique,
that a  single strain was responsible  for the outbreak.  Essential characteristics  of  these
outbreaks  will now  be discussed.
The Association of Epidemics with Virus Infections.-At least four epidemics of strepto-
coccus  infections  have  followed  an  explosive  outbreak  of  diseases  considered  of virus
etiology.  Glover  and Griffith's  School  C  epidemic  was  preceded  by  an  epidemic  of
colds.  Their  School  E  streptococcal  outbreak  followed  measles.  Measles  and colds
preceded  Bradley's  epidemic.  An explosive  outbreak  of influenza  initiated the  Pelham
Home  streptococcal  epidemic  of  Coburn  and  Pauli.  Measles,  colds,  and  bronchitis
preceded Hobson's outbreak.  In none of these could the infective strain of streptococcus
be traced to any one individual and in all virus infection was prevalent.
Epidemics  Originating  from Single Case, Independent of Virus Infection.-Haig-Brown,
1  Epidemics  due  to the  ingestion  of infected milk  are  readily traced  to  their source.
Since  the mode  of  infection  in  streptococcal  milk epidemics  is  clear this  subject is  not
included in the present discussion.
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Glover  and  Griffith,  Straker  et  al.,  Wells,  and  Kleinschmidt  all  described  epidemics
traceable to one individual with an acute streptococcal disease and clinically free of virus
infection.  Glover and Griffith  pointed out a recrudescence of their epidemic presumably
resulting from a recovered case.  The Babies Hospital epidemic originated in one patient,
G. D., the second phase in Rob. S., during a late exacerbation of his illness.
Season and Geographical  Distribution.-Epidemics  of streptococcal  infection have been
observed at every season of the year.  Some of these outbreaks occurred  in seasons when
the general incidence  of streptococcal  infections  was minimal.  This was pointed out by
Hobson and  was  true  for  the Babies  Hospital  outbreak.  All of them  occurred  in the
temperate zone, in England, Germany, the United States, and Australia.
Serological Type of Hemolytic Streptococcus Involved.-The capacity to cause  an epi-
demic has not been confined  to any one type of organism,  as type  numbers  1, 2,  12,  13,
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TExT-FIG.  1. Three outbreaks of throat infections with Streptococcus haemolyticus.
19,  and 26 have been reported.  Type 2  epidemics  have occurred  both in England and
Australia.
Age  of Subjects.-Each of  these epidemics,  with  the exception  of the small outbreak
of  Wells,  has  occurred  among  children.  Kleinschmidt's  outbreak  involved  two  par-
turient  mothers;  and  the  Babies  Hospital  epidemic  included  young nurses.  Infection
was spread in most instances  by children.
Droplet  Factor  in Spread.-In 1930 Glover emphasized the importance of overcrowding
and the importance  of the droplet factor in streptococcal epidemics.  Most of the subse-
quent reports  have  substantiated  his point of  view.  However,  in the Babies  Hospital
epidemic  the possibility of  a spread of infection due  to overcrowding or  spraying could
be  almost  certainly  eliminated.  Children  became  infected  when  isolated in  rooms  on
the  infected  floor.  As  was  already  pointed  out,  the  dissemination  of  dust  particles
seemed to be the important factor  in this  case.  This observation  is in accord with the
findings of White  (11)  and Cruikshank  and Muir  (12).
Incubation Period, Rapidity of Spread, and Duration of Epidemic.-These three  phe-
nomena  were  surprisingly  constant  in  all reports.  The  incubation  of individual  cases
was  brief,  less  than  1 week,  as  short  as  48 hours.  The  course  of  each epidemic  was
similar;  spread was not rapid; the development  of new infections was spotty  (see Text-
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in open colonies.  The peak of incidence of new cases occurred in the middle of the epi-
demic with striking uniformity, as is seen in Table I.
Recurrences.-Many of the epidemics  previously  reported  had a second wave  weeks
or  months later.  In these  it  appeared  that a recovered  child suddenly  developed  the
capacity to initiate a new outbreak.  Glover  and Griffith's  School A epidemic  included
one boy who precipitated a type 2 epidemic  of thirteen new cases in the summer term.
Straker et al. report a single individual  causing a  second outbreak  of type  19 infections
in December.  Hobson and Wells also observed two waves  of streptococcus  infection in
their groups.  Whether  these  recovered  cases  who  suddenly  acquired  the  capacity  to
communicate  disease had virus infections is not known.  6 weeks after the Babies  Hos-
pital epidemic had subsided, a single new type 12 infection occurred in F. D., a boy with
TABLE  I
Number  Per cent  Duration
Author  conyAges  of  in-  of  olony  of  epidemic
fections  infected  demic
yrs.  days  days
Haig-Brown  ......................  Closed  6-16  31  60  40  -
Glover ...........................  Open  16-18  427  20  140  75
Glover and Griffith
School A ......................  Closed  9-14  41  80  55  27
d  "  "relapse  ................  "  9-14  39  90
"  B ......................  "  9-14  38  55
C ......................  9-14  101  20  41  21
D .....................  9-14  29  90
"  E ......................  136  45  80  46
Coburn and Pauli .................  Closed  6-14  17  55  40  19
Hobson ..........................  "  46  - 45  20
Keogh ...........................  4-17  39  65  45
Babies Hospital ...................  Open  InfAdults  38  - 63  32
nephrosis.  Since none of the  recently  admitted  children  acquired  infection  from  him,
we concluded  that the strain had lost its epidemic character.
Clinical Characteristics.-Some  of these  epidemics  gave  rise  to a  single clinical  syn-
drome.  All of Hobson's boys  developed  pharyngitis.  The  School E group  of  Glover
and  Griffith all had tonsillitis; whereas the  School A  group had scarlet  fever,  tonsillitis
and pyrexia.  This  was  similar  to the  epidemics  of Bradley,  of  Wells,  and  of  Keogh.
Kleinschmidt  noted that his  adults (mothers)  developed  scarlet  fever whereas the  new-
born infants developed erysipelas,  pneumonia,  and peritonitis.  In the  Babies Hospital
outbreak, the adults (nurses) developed pharyngitis with high fever and without sequelae;
the  infants developed skin infections, probably nasopharyngitis,  otitis media,  and mas-
toiditis  with  little  or  no fever.  Both  of these  epidemics  showed  a  relation  between
clinical responses and the age of the subject.
Incidence of Mortality.-Most of the reported epidemics had a low mortality with the
exception  of Kleinschmidt's.  Here invasive infections  of the new-born  resulted  in the
death  of  eleven out of fourteen.  Among infants and nurses in the Babies Hospital the
mortality  was zero.
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Clinical Infections  with  Negative Throat Cultures.-Four different  observers  of  epi-
demics reported that they were unable to recover the epidemic strain from the  throats of
certain patients who developed  characteristic  symptoms and signs in the  course  of the
epidemic.  The occurrence of these negative cultures has in no case been accounted for.
Persistence  of the Epidemic Strain after  Subsidence of the Epidemic.-Glover  and Griffith
observed that positive  type 2 cultures were obtainable at least  155  days after the acute
infections were over.  Nurses  infected in the Babies Hospital outbreak carried type 12
in their throat flora for more than 60 days after this epidemic ceased.
In  summary,  hemolytic  streptococcus  may  or  may  not  be  infective.
Carriers  of  this  organism  usually  do  not  communicate  disease  and  they
may usually be considered harmless.  This applies to most carriers through-
out most of the year.  Under at least three conditions, however, the carrier
may communicate disease and must then be considered dangerous.  These
three conditions are:  (a) a seasonal increase in general activity of hemolytic
streptococcus, probably due to some climatic effect;  (b)  increased infectivity
of the organism associated with virus infection of the host; and (c) increased
infectivity  of organisms  established  in the tissues  of infants and  children.
The dangerous  carrier usually becomes a harmless carrier within 2 months;
however,  he may again acquire the capacity to spread disease under one of
the three  conditions just mentioned.  In our epidemic  type  12  strain, de-
velopment  of  the capacity to  spread was  dependent  on the host, and was
closely  associated  with  the  age  of  the  patient.  In  the  Babies  Hospital
epidemic,  organisms  colonizing  in  infants  and  toddlers  were  highly  com-
municable,  whereas those  infecting the nurses were not.  Furthermore,  the
infants had few or perhaps no recognizable type  12 organisms in their throat
flora when they were spreading infection; whereas the nurses had type 12  in
predominance,  coughed  and  sneezed,  yet  were  harmless.  It  seems  there-
fore that the spread of infection could not be ascribed to the mere numbers
of bacteria  disseminated but would have to be explained by some  peculiar
quality of the agent for which we propose the term "communicability."
Search for a Filterable  Agent
The  failure to recover type  12  organisms from two infants who appeared
to be spreading type  12 infections made us investigate the possibilities that
type  12 might be present in a filterable phase or that a few organisms might
be  present  in  symbiosis  with  a  virus  on  which  they  depended  for  their
capacity  to spread.  Careful  examination  of  the patients  revealed  no  evi-
dence of a virus infection; however, the possibility that a virus was present
in the children and absent in the adults cannot be excluded.  A search for a
filterable  phase of the epidemic strain was made as follows:
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Swabbings  of the nose and throat of the infants spreading  contagion  were  collected
in broth.  A part of this material  was filtered through Chamberland  L5 candles imme-
diately,  the remainder  after  16  hours growth  at 37°C.  The filtrates  were  cultured  on
solid and in liquid media,  aerobically and anaerobically.  All cultures  were  sterile.
Variation of Epidemic Strain
A possible explanation  for our failure  to  recover  type  12  organisms  from
children  who were spreading contagion  was suggested  by a chance observa-
tion.  Pus from a newly developed  abscess, which  we believed  to be a type
12  infection, failed to show growth on blood agar plates at 37°C. in 24 hours.
On removing  from the incubator and leaving at room temperature  (approxi-
mately  220),  these  apparently  negative  blood  agar  plates  grew  type  12
organisms  of  normal  appearance.  This  observation  led  us  to  test  the
possibility that type 12 organisms  might be present in throat swabs and yet
not be recognizable  under routine culture conditions.
Materials and Methods
The media used were the following:
1. Neopeptone broth.
2.  "  "  containing  0.5 per cent rabbit red blood cells.
3.  "  "  containing 15 per cent  horse serum.
4.  Trypsinized meat broth.
5. Neopeptone agar  containing 5 per cent rabbit red blood cells.
6.  Human sera.
The formula for the broth used in  making media 1, 2, 3, and 5, follows:  1 pound of
chopped beef is extracted in 1 liter of water overnight in the ice box, boiled for 15 minutes,
filtered  through cloth.  The pH is brought  to 8 with the addition of NaOH, the solution
is  then boiled  30  minutes.  5 gm. of  Na2HPO 4 are added  and  the medium heated  to
boiling.  10 gm.  of neopeptone  (Difco)  are added,  the medium is filtered  through filter
paper, the volume brought up to 1 liter, the pH adjusted to 8.0, the material is then boiled
for 15 minutes, and finally autoclaved at 15  pounds pressure; the final pH is about 7.8.
4.  Trypsinized meat broth:  To 1 pound fresh  chopped  beef,  1000  cc.  tap water and
0.5 gm. dibasic sodium phosphate  are added.  This is made fairly alkaline to litmus, is
heated  to between  70 ° and  80°C.  and held at  that  temperature  for  5 minutes.  This
medium is then cooled  to 45°C.,  1 per  cent Difco trypsin  (one  10 cc. ampule)  is added,
and the mixture  incubated at 42-44°C.  from  1  to 2 hours,  the time depending  on  the
activity  of the  trypsin,  as  determined  by  the  Biuret  test  for peptones  and proteoses.
It is then acidified with concentrated  HCI until the medium  is distinctly acid to litmus
and boiled for 20 minutes.  After 10 minutes boiling it is tested for acidity and more HCI
is added if necessary.  The broth is filtered through paper, adjusted with NaOH  to pH
7.8, 0.25 per  cent sodium  chloride  and 0.13 per cent calcium chloride are  added and the
broth is  boiled for 5 minutes.  While hot it  is filtered  through paper.  The medium is
then tubed and sterilized (Arnold)  for one-half hour for 3 days.
6.  The  human  sera were  removed  from  freshly  clotted  blood just  prior  to  seeding.
The pH was found to be approximately  7.6.
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Cultures.-Two groups of cultures were studied;  first,  typical throat  strains from all
of the nurses and children, stored in blood broth at 50C.; second, strains of non-hemolytic
streptococcus  predominating  in the  throat  flora of children  spreading contagion.
Routine Identification  of Epidemic Strains.-Each  swab was plated directly on rabbit
blood agar, incubated at 370 for 24 hours, and then examined under a Zeiss colony micro-
scope,  magnification 32  X.  Colonies of hemolytic streptococcus  were planted in neopep-
tone broth and blood broth.  These cultures were tested for purity after 24 hours at 37°.
They were then stored at 50C. for  periods of days or weeks until they could be classified
serologically.
Following up the suggestion that type  12 epidemic organisms might be unable to grow
at  incubator  temperature  we  allowed  blood  agar  plates  which  showed  no  hemolytic
organisms  at 370 to remain at 220.  Two  more type 12  organisms were recovered from
apparently negative plates in this way.  Single hemolytic colonies were fished from each
of these and streaked onto a pair of blood agar plates.  One of each pair of plates was
incubated at 22 ° and one at 37°. The former showed a heavy growth of typical hemolytic
colonies in 24 hours; the latter showed no growth up to 48 hours.  However, at 72 hours
a heavy  growth  of minute anhemolytic  matt  colonies  was  visible under a Zeiss  colony
microscope.
This  observation  suggested  that  variation  in  morphology  and  growth
rate might underlie  the  absence  of hemolytic  colonies on plates  incubated
at 37° . We therefore  reexamined  all of the typical strains stocked in blood
broth.
The stock cultures  were plated on blood agar and incubated at 370 for 24 hours.  All
yielded  typical colonies at this  stage.  A  single colony  from each plate was then fished
to  15 per  cent horse serum neopeptone broth and incubated at 37 ° for  72 hours.  (This
medium was used to accentuate any possible tendency to variation.)  The  cultures were
then  (a) subcultured in horse serum broth and  (b)  plated for examination of  colony  ap-
pearance.  Four  out of thirty stock cultures  gave  rise to variant  forms.  All  four were
throat  organisms  from  infants.  Further  experiments  with  two  of  these  strains  were
conducted as follows:-
Strain  S 25 T (Patient  Rob. S., See Figs. I  to 5).-This was a typical hemolytic strepto-
coccus obtained at the onset of otitis media.  After storage for 3 weeks in blood broth it
was identified as type  12.  A matt colony was fished  from  a blood agar plate to 15  per
cent  horse  serum broth,  pH  8  to  8.3.  After  72  hours  incubation at  370C.  subcultures
were  made  from  the broth  on rabbit  blood  agar  plates,  some of which  were  incubated
at room  temperature  and others  at 37C.  The  former showed  hemolytic  mattcolonies
in 24 hours; no growth was recognized in the latter until  72  hours when minute anhemo-
lytic colonies  and  a  few hemolytic  colonies  appeared.  One of  these hemolytic colonies
was  transferred  to  blood broth  and to  freshly  made  blood  agar  plates.  In  the  blood
broth the bacterium regained its normal growth characteristics;  on the blood agar plates
it appeared as large hemolytic colonies with depressed centers  and crinkled  edges.  This
form was stable on solid media but not in broth.  The minute anhemolytic colonies were
transferred  to  blood  agar  plates and  to horse  serum broth.  Plate  cultures  grown  at
37° remained anhemolytic on repeated subculture;  but when grown at room temperature
(about  22°) they became hemolytic  and ultimately  regained their original  typical mattCOMMUNICABILITY  OF  STREPTOCOCCUS
colony  form.  Horse serum broth cultures  grown aerobically  at 37°, and subcultured to
blood agar plates gave rise to three colony forms,-minute anhemolytic,  slightly  hemo-
lytic  with green  zone,  and  typical hemolytic  colonies.  Subcultures  of the minute an-
hemolytic  forms  on  blood agar plates incubated  anaerobically  at  370  yielded  after  72
hours no anhemolytic colonies; but a few slightly hemolytic colonies had appeared.
The procedures and developments  are outlined in Text-fig.  2.
Strain D 20 T (Patient G. D., See Figs. 6 to 10).-This was isolated from the patient's
throat  culture  and identified  serologically  as  type  12.  It  was  passed once  through  a
Blood agar plate, 37°-typical matt hemolytic  colony
Horse serum broth (pH 7.6)-heavy  growth in 24 hrs.
Blood agar plate, 220-typical  hemolytic  colonies in 24 hrs.
Blood agar plate, 37
°, 72 hrs.
I
1
Heavy  growth of minute anhemolytic  colonies
I
1
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mouse,  was  recovered  from  the  heart's  blood,  and  on plating appeared  typical except
for being more mucoid than matt.  A colony was planted in rabbit blood broth and subse-
quently plated on blood agar at 37°. Two types of colonies appeared  on the blood agar
plates:  about  70 per cent were flat, gray-green,  slightly hemolytic,  and 30 per cent were
minute,  anhemolytic  colonies.  A  colony of each type was planted in blood broth.  The
former gave a heavy diffuse growth; the latter formed  small "cotton-like"  clumps on the
upper surface  of the blood layer at the bottom of the broth  tube.  The  diffuse growth,
upon plating,  developed large gray-green  colonies, whereas the "cotton-like"  clumps gave
rise to anhemolytic minute  colonies.  One of the large colonies  was transferred to horse
serum broth and gave rise  to two types of colonies  (a) hemolytic  colonies with depressed
centers  and crinkled edges  and  (b)  typical matt  colonies  characteristic  of  the  epidemic
strain.  A minute  colony from the "cotton-like"  clumps  remained  anhemolytic in horse
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serum broth.  However,  after six passages  through blood broth at  12 hour intervals at
37° the  minute  anhemolytic  became  hemolytic  on  plating.  One  of  these  hemolytic
colonies  was  planted  in trypsin  broth used  for  typing and was  identified  serologically
as type 12.
Another  organism  from  the  throat  of  this patient  which  was  not passed  through a
mouse was identified serologically  as type 12 and was planted in horse serum broth.  It
behaved like strain S 25 T giving rise to minute anhemolytic colonies and large hemolytic
colonies  with  depressed centers,  as well as typical matt colonies.
The Recovery  of  Variants of  Type  12 from the Throat Flora of Infants.-
It  was by this  time apparent  that failure to recover type  12  colonies  from
children  spreading infection  might have resulted  from  unrecognized  varia-
tion of the organism in the patient.  We therefore collected  strains of non-
hemolytic  streptococcus  from  four  infants who  appeared  to be  sources  of
contagion,  and  subjected them to further study.  Most of them  remained
non-hemolytic.  Two strains, however,  from the nose or  throat of infants
F. S.  and K. J.,  after three or four passages through  rabbit  blood broth at
12  hour intervals,  developed  hemolytic  colonies on rabbit  blood  agar and
were  specifically  agglutinated  by  type  12  serum.  They  had  been  non-
hemolytic,  had not  been  typable  when  recovered  from the  patients,  and
had been indistinguishable  from the normal throat flora.
Late  in the  epidemic  we realized  that it was  impossible  to  detect non-
hemolytic variants of type  12 in throat cultures plated in the usual manner.
We therefore took fresh swabs from the apparently negative throats of each
infant suspected of spreading  contagion, streaked them on blood agar plates
and also  planted  the same swabs in horse serum broth.  A throat culture
from  G. D. which showed only non-hemolytic  organisms on direct plating,
grew well in the serum broth and when subsequently plated formed slightly
hemolytic colonies.  One of these, following one more passage through blood
broth, gave  rise  to hemolytic  colonies  of  normal morphology  which typed
as 12.  Altogether, three infants who were spreading  contagion had type 12
organisms  in  their  throat flora which  were  not  detected  until the  culture
had been grown in broth containing either blood or serum.
Adult Serum Contrasted with Infant Serum as a Culture Medium.-The
tendency  for this type  12  organism to show variation  in the infant and not
in the adult  suggested  that factors might be  present in the tissues  of the
older age group which were absent in the younger.  Such differences, it was
conceived,  might  modify  the  growth  characteristics  of  the organism,  and
might be demonstrable  in vitro.  We  therefore  collected  sera under  sterile
conditions from infants between  6 and 18 months old who had presumably
been free of streptococcal  infections  and from adults,  some of whom  had a
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recent history of pharyngitis.  These two groups of sera were used as culture
media to determine whether either  could modify the colony  appearance  of
typical organisms  obtained  from  children and nurses.
The serum  was left in contact  with the clot until just before use in  order to maintain
the pH at about  7.4.  Approximately 1 cc.  was placed in a small sterile tube, was inocu-
lated  with a  single typical colony  of type  12  (obtained from a  24 hour culture on blood
agar) and  incubated at  37 °. Some of the  tubes  showed  growth; in  others  the sera  re-
mained clear.  After  24 hours incubation  a platinum  loopful of each serum  culture was
streaked on a  fresh  rabbit blood  agar plate.  These were incubated  for 24 hours at 370
and the colonies  examined.
TABLE II
Cultural  Characteristics  of Epidemic Strains Grown in Human Sera
Source of serum  used as culture medium
Source  of organism
Infants  Adults
G.D ................. T  T  T  A  A  A  0  0  T  T  A  T  T
K.J...............  T  T  0  A  0  A  T  T  T  T  T  0  T
R.S ................. T  T  A  A  - 0  T  T  T  T  T
Rob.  S ...............  T  --  T  A  A  - T  - - - 0  T
F.W .................  T  0  A  0  - - - - - - - T
Miss  B ...............  T  T  A  A  A  0  T  T  0  T  T  T
Miss  H  ..........  T  T  0  T  T  A  0  T  T  0  0  0  T
Miss Han............  T  - T  A  A  - 0  0  0  0  0  0  T
Miss S  ............  T  - T  A  0  - - T  - 0  0  0  T
T  typical matt hemolytic colony.
A =  atypical non-hemolytic colony.
0 =  no growth.
- =  not inoculated.
It  was found that type  12 organisms recently isolated from both children
and nurses, when cultivated in the sera of normal infants, showed a tendency
to  develop  atypical  forms  similar  to  those  described  above,  but not  when
grown in  the  sera of  the adults.  The results  are summarized  in Table  II.
Factors  favoring  variation  appeared  repeatedly  in  sera  from  three  of  the
infants.
Biochemical Characteristics of  Typical  Forms Contrasted with  Atypical
Forms.--At the  time  of  isolation  of  the  epidemic  strain  no attempt  was
made  to modify the growth of the typical organism  by varying pH, C02 or
02 tension.  Later the effect of these environmental conditions upon growth
on  blood  agar media  was  studied.
pH Range.-The typical  and  atypical  forms  grew satisfactorily  at  pH 6.9,  7.1,  and
7.6.  At pH 8.0 growth was poor and irregular; the colonies of typical and atypical forms
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were small.  At pH 6.4 only one atypical form survived.  The pH range seemed similar
for both the  typical and atypical  organisms.
CO2 Tension.-An increase  in carbon dioxide to 10 per cent caused a luxuriant growth
on blood  agar  plates.  Both  the  typical  and  atypical  forms  developed  large  colonies
rapidly  in this environment  without  change in morphology.
It  was possible, in the environment of CO2, 10 per  cent, to obtain growth at pH 6.4
and  also at  pH  8.0.  At pH  6.4  the  typical colony  appeared  only slightly  hemolytic;
the  atypical  colonies  were  unchanged.  At  pH 8.0,  growth  of typical  and atypical  or-
ganisms  was satisfactory.  The increase  in carbon  dioxide produced an improvement  in
growth of all of these strains and permitted growth at a greater pH range without having
a striking effect on colony morphology.
02 Tension.-The typical organism grew on blood agar plates in an anaerobic jar and
remained  hemolytic.  The atypical  forms failed entirely to survive  under similar condi-
tions or gave rise to a poor, irregular growth of slightly hemolytic  colonies.
Biological  Characteristics of  Typical  Forms  Contrasted  with  Atypical
Forms.-1. Virulence:  Both the  typical hemolytic  epidemic  organism  and
the atypical forms were mouse avirulent.  Most mice survived 1 cc. of 10 - .
2.  Antigenicity:  Typical  strains  from  children  and  adults,  throats  and
ears,  produced  erythrogenic  toxin  10,000  skin  test  doses  per  cc.  They
formed  M and  C substances  which  gave a  satisfactory precipitin  reaction
with homologous  and  other  type  12  rabbit  antisera.  Suspensions  of the
typical organism  gave a four plus slide agglutination reaction with type  12
rabbit antisera  (Griffith,  Lederle,  and ours).  They were  not agglutinated
by antisera of other types.
The atypical  forms were not agglutinated  by any of  the  typing antisera
and they produced little or no erythrogenic toxin.  HCl extracts containing
M substance reacted with type  12  serum and the sera of rabbits immunized
with typical forms.  C substance from the atypical organisms gave negative
precipitin  reactions  with sera  of  groups  B  through  G  and  weak  reactions
with group  A sera.  Rabbit sera prepared  by 4 weeks  immunization  with
atypical  forms  contained  precipitins  for  M  substance  extracts  of  typical
and other atypical forms but failed to agglutinate the bacterial cells of any of
Griffith's  types.  These  findings  showed  that  the  atypical  forms  differed
from typical forms in the production of antigen.  These observations are in
accord with those of  Fuller and  Maxted  (13)  and those  of Lancefield  and
Todd  (14)  who  have  demonstrated  that  a  difference  in  colony  appear-
ance  is paralleled  by differences  in antigenicity.  The  M  substance of  the
atypical forms appeared to be type 12.
Before  concluding the discussion on variation, we should like to indicate
certain limitations2 in the data.  Only four of the epidemic strains showed a
2 The  possibility  of contamination  at  first  appeared  real.  Further  work,  however,
indicated that the atypical forms,  appearing in cultures of the epidemic  strain, were not
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consistent  tendency  to variation.  Moreover,  subcultures  were  made from
colonies and not from single cells.  The findings nevertheless are consistent
with the observations of Howell (15),  Todd  (16),  and Fry (17), that group A
hemolytic streptococcus  may give  rise to non-hemolytic  pathogenic  forms.
Such  variants,  unrecognized  in  the  throat  flora,  furnish  a  reasonable  ex-
planation for the absence of hemolytic colonies from the cultures of  children
who appeared to be spreading  contagion.
Reactions of  Adults  Contrasted with  Infants Infected with Type 12.-The
infected  adults  all  developed  marked  pyrexia,  and  had  strongly  positive
throat cultures for weeks or months but escaped septic complications and did
not  spread  infection.  The  development  in  their  blood  of  anti-M  and
anti-C precipitins  varied;  most  of  them  developed  a high  antistreptolysin
titer  (average  for  seventeen adults was 240 units, median 250 units).
In contrast  the children  showed  little febrile  reaction,  developed  many
septic  complications,  showed  few or  no type  12  organisms  in their throat
or  nose  at  a  time  when  the  epidemiological  investigation  indicated  they
spread  contagion.  Precipitin  formation  was  variable  but  weaker  than  in
the  adults;  the  lack  of  antistreptolysin  formation  was  definite.  Not one
infant or toddler developed  an elevated titer.  The  highest titer in sixteen
children was  83  units, average  45  units, and median 40 units.
There were two striking differences between the adult and infant response
to this infection.  These were fever and antibody formation.  In the febrile
adult  with normal  antibody formation  the  organism  remained  stable  and
lost  communicability;  in  the  afebrile  infant  with  immature  antibody  re-
sponses,  the organism was highly communicable  and showed morphological
lability.  The febrile  adult appeared  to restrain  the organism, perhaps  by
developing  inhibitory  substances similar  to those described  by Tillett  (18).
DISCUSSION
The  purpose  in presenting  these  observations  is  to  call attention  to an
apparently  transient  property  of  hemolytic  streptococcus  which  we  have
called  communicability.  This property  may  be defined  as the  capacity  of
the organism  to establish itself readily upon the tissues of a new host.  It
is  essential  to the  spread  of  contagion  and  plays  the leading  part in  the
development  of  epidemics.  Its presence  is  independent  of  the  degree  of
invasiveness  and  the  capacity  to  produce  toxin.  Its  development  by
Streptococcus  haemolyticus  may  be  sudden  and  its  disappearance  occurs
contaminants  but were  hemolytic streptococci,  group  A, type  12,  with  two exceptions.
These  two organisms  recovered early  in  this study,  were  agglutinated by  type  12 anti-
sera but by precipitin test were  Lancefield's  group  B.
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spontaneously  within  weeks  or months,  depending on whether  activity  of
the organism is confined to a closed or open colony.
The factors which make possible the development  of communicability are
of particular  interest  to the biologist.  In the case  of Streptococcus haemo-
lyticus there occurs  a spontaneous  seasonal  increase  in communicability  of
the prevalent  types of group  A.  This development  in streptococcus  may
also  occur  when  the  bacterial  agent  is  operating  in  a  host with  a  virus
infection.  In the type 12  Babies Hospital epidemic strain, communicability
appeared  only in streptococci  growing in the  tissues of  children.  Its de-
velopment  seemed unrelated  to season or  to a concomitant  virus infection
but  seemed rather  to depend  upon some  peculiar  effect  of the  infant host
on  the microorganism.
A striking characteristic  of the  type  12  streptococcus  obtained  from in-
fants  spreading  contagion  was its  capacity  to  develop  atypical  colonies.
The fact  that variation  of  respiratory pathogens  may occur  in the virus-
infected  host and in the infant  host is now well  established.  Dochez and
his collaborators  (19)  have shown that "under  the influence  of infection  of
chimpanzees  with the  virus  of  the  common  cold,  a transformation  takes
place  from  the serologically  non-type  specific  R form  of H. influenzae to
the  serologically  specific  S  form."  They conclude  that  the common  cold
incites  activity  of microorganisms  in the nasopharynx  but  leave open  the
question "whether  this action is directly operative upon the microorganism
or is an indirect effect of tissue reaction."  In addition to these experimental
virus  studies,  findings  in meningitis  indicate  that  the  child's  tissues,  in-
dependent of a virus factor,  may modify H. influenza.  In the adult  sub-
ject  this  organism  is  a  common  respiratory  pathogen  of  characteristic
morphology; in  the infant  or child it frequently becomes  infective,  causes
meningitis, and gives rise to forms,  the morphology and colony  appearance
of  which  are  strikingly  different  from  typical  H. influenzae.  Following
culture on laboratory media the organism soon regains its orthodox appear-
ance.
The  significance  of variation in H. influenza is unknown;  however the
possibility that variant forms "may represent the primary infective agent"
in pneumococcal disease has been suggested by Eaton (20).  He found that at
least seven serological types of pneumococcus obtained from sputum, blood,
spinal fluid,  and the lungs of patients with pneumonia  or meningitis gave
rise  to  atypical  forms.  This change  in colony appearance  occurred  inde-
pendently  of the ordinary smooth-to-rough  variation.  Eaton succeeded in
isolating  atypical  forms  directly  from  human  infections  in  about  50  per
cent  of  cases by growing  the  organism on serum  or blood  agar.  He  also
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produced  similar  atypical  colonies  from  stock  cultures  by  growing  the
organism  in  human  whole  blood  and  in  media  containing  animal  serum,
blood, or laked red corpuscles.  The colony appearance of Eaton's pneumo-
coccus  atypical  forms was similar to those observed in our type  12 strepto-
coccus.  His  "phantom  colony"  and our minute anhemolytic  colony  grew
at  incubator  temperature  only  after  long  delay.  In  both  instances  the
development of this atypical form occurred when the organisms were grown
at 370 and not at 220.  Eaton's pneumococci and our streptococcus type 12
were similarly sensitive to pH, CO 2 tension and oxygen tension.  The atypi-
cal  forms  of both pathogens  developed  best in animal serum or  blood and
under  conditions  of  oxygen  and  CO2 tension  which  presumably  obtain  in
the human  host.
The  significance  of the atypical  forms of our epidemic  strain  is also  un-
known;  however  two  conditions  were closely  associated  with the develop-
ment of communicability  by the type  12 organism.  One of these was that
the host be an infant with immature humoral defenses and little or no febrile
reaction to infection with this organism.  In  contrast to the adults who had
mature  defense  mechanisms  and  who  developed  sharp  febrile  reactions,
infant  hosts  had only  a  moderate  number  or no  recognizable  type  12  or-
ganisms in the throat flora at the time  that they were spreading  contagion.
Atypical forms  of type  12  were recovered  directly  from the throat flora  of
two of these individuals and in four other infants it was possible  to recover
recognizable  type  12  organisms  which  readily  developed  atypical  forms
in media containing animal blood or serum.  The unusual growth character-
istics of these organisms  suggested that they possessed  mechanisms for cell
multiplication  different  from  the  typical  strains.  And the  fact  that the
atypical colonies  occurred only in the strains obtained  from hosts spreading
contagion  indicated  that this  difference  in growth was  a second  condition
associated  with  communicability.  The  rapidity  with  which  the  unusual
growth  characteristics  were  lost  and  reacquired  indicated  that  these  or-
ganisms were  physiologically  labile.  The possession of such  lability might
well  facilitate  the  adjustments  necessary  for  cell  multiplication  under
environmental  conditions  in  the  host  which  usually  inhibit  the  typical,
stabilized organism.  The observations of the close association of these two
conditions  with the  spreading  of  contagion  has lead  to  the  following  hy-
pothesis:  That the acquisition  of communicability  by an organism  may de-
pend on its passage through a particular host lacking in those factors which
restrain  certain  of  the  metabolic  processes  of  the  respiratory  pathogens,
thereby permitting the development of mechanisms for easy adaptation and
cell multiplication  in the presence of the restraining influences of the average
host.  Although the nature of such adaptive mechanisms is not known, this
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hypothesis  is strengthened by the observations that at the beginning  of the
epidemic  all of the infections occurred on exposed  areas of the skin and in
some instances the type  12 organism multiplied rapidly at 22°C. but not at
37°C.; whereas later  in the epidemic  most of the infections occurred in the
pharynx, and the environmental  conditions most favorable  to the life proc-
esses  of  the  several  forms  of  the  epidemic  strain  were  similar  to  those
existing in human tissues.
Finally, it appears that either  the virus-infected  host or the infant host
may offer a medium favorable to the acquisition of communicability and that
an  important  characteristic  of  these  environments  is  that  they facilitate
the  organism's  development  of  physiological  lability.  In  the  infant  host
the capacity to suppress lability may  still be poorly  developed;  and in the
virus-infected  host,  the  capacity  to  suppress  lability  may  be  temporarily
in abeyance.  Irrespective  of  age,  the  human  host infected  with measles
virus  regularly  loses  skin  reactivity  to  bacterial  antigens.  Such  a loss
commonly  favors  the  development  of communicability  in pathogens  har-
bored  in the respiratory  tract.  These concepts  are presented  in the hope
that more information  on communicability  will come from other investiga-
tors who may have the opportunity to study epidemics  of infection due to
Streptococcus haemolyticus or Haemophilus  influenzae, or who may be able to
test these observations in human  subjects.
SUMMARY
An epidemic of infections due to group A Streptococcus haemolyticus type
12  originated  in an infant with bronchiectasis,  and involved  children  and
nurses.  Some of the children spread contagion; the nurses did not spread
contagion.  The children who spread contagion had few or no recognizable
type  12 organisms in their throats; most of the nurses had type 12 predomi-
nant in their throat flora.
Two  children  who  spread  contagion  had  non-hemolytic  streptococci  in
their throat flora, which became hemolytic on cultivation and proved to be
type  12.  Four children had in their throat flora hemolytic type  12 strepto-
cocci which  became  non-hemolytic  when  grown in fluid media  containing
serum.  These infants appeared  to act as disseminating  hosts in which the
pathogen  developed  communicability  and at  the  same  time  became  mor-
phologically and physiologically labile.
The labile streptococci gave rise to atypical forms whose requirements for
rapid reproduction  (as tested in vitro)  were similar to those existing in the
human host.
The hypothesis presented is that the genesis of communicability depends
on the coexistence of two conditions: a transmitting host lacking in restrain-
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ing influences,  permitting  the  acquisition  of  physiological  lability  by the
microorganism;  and  the  development  of  adaptive  mechanisms  in  the
bacterial  cell,  facilitating  survival under  atmospheric  conditions and  sub-
sequent colonization in the environment of human tissues.
The authors  are  indebted  to Dr.  Howard  Mason  and  Dr.  A.  R.  Dochez  for  their
advice.
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EXPLANATION  OF  PLATE  31
Figs.  1 to 5.  Appearance  of throat  organisms,  S  25  T  (Rob.  S.)  on  rabbit  blood
agar plate, pH  7.6, incubated at 370 for 24 hours.
FIG.  1. Typical hemolytic matt colony.
FIG. 2.  Moderately  hemolytic  matt colony.
FIG.  3.  Slightly  hemolytic  and  non-hemolytic  matt  colonies.
FIG. 4.  Anhemolytic matt  colonies  (72  hours incubation).
FIG.  5.  Hemolytic  colonies  with crinkled  edges and  depressed  centers.
Figs.  6  to  10.  Appearance  of throat  organisms  D  20  T  (G.  D.)  on rabbit  blood
agar plate, pH 7.6,  incubated at 37
° for 24 hours.
FIG. 6.  Typical hemolytic matt colonies.
FIG. 7.  Slightly hemolytic  and green colonies.
FIG. 8.  Anhemolytic  and four slightly hemolytic  colonies.
FIG. 9.  Anhemolytic  minute colonies  (72  hours).
FIG.  10.  Mucoid  colonies  with wide green  zone of hemolysis.
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PLATE  31